Objective This open label, parallel group, prospective cohort study investigated the efficacy of rivastigmine treatment on activities of daily living (ADL) in patients with mild to moderate Alzheimer's disease (AD) and the possible benefits of this therapy on caregiver stress levels.
Introduction
Establishing a diagnosis of AD requires not only decline in cognitive function, but also that this decline is associated with functional loss resulting in impairment of activities of daily living (ADL) [1, 2] . A range of deficits in cognition, particularly in executive functioning, adversely affects the ability of AD patients to perform ADL [3] . The loss of ADL typically occurs in a hierarchical fashion, beginning with instrumental activities of daily living (e.g. housekeeping, managing finances) followed by the loss of basic activities of daily living (e.g. dressing, bathing) [3] .
As a result, caregivers experience the burden of progressively increasing daily care required by the patient. In the later stages of AD, the caregiver may have to stop
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Efficacy of rivastigmine on activities of daily living in Sri Lankan patients with Alzheimer disease and on improving caregiver burden: a prospective study HA working to care full-time for the patient, leading to financial hardship and a variety of emotional stresses, such as depression and anxiety [4] . Treatments for AD should improve not only higher order cognitive functions, but also basic functional abilities, which affect patient independence. Treatment with donepezil, an acetylcholinesterase (AChE) inhibitor, has been shown to improve functional abilities in AD patients and reduce caregiver burden and stress [5] .
We recently reported a high dementia prevalence of 4% from a regional community survey of people over 65 years in Ragama, Sri Lanka, and more than 70% of these were of the Alzheimer type [6] . In the absence of formal services such as nursing homes for AD patients in Sri Lanka, there is a heavy reliance on informal and, in particular, family care for these patients. Furthermore, there is no research evidence of the practical, emotional, and economic impact of caring for a family member with dementia in Sri Lanka.
At present, there is no research evidence of benefit in treating our patients with rivastigmine. The present study investigated the efficacy of rivastigmine on functional ability in patients with mild to moderate AD, and the related benefits to their caregivers regarding levels of caregiving stress.
Methods

Study design
This study was a 20-week, non-randomised, open label, parallel group, prospective cohort study conducted from February to November 2003. Thirty eight consecutive patients with mild to moderate AD presenting to a memory clinic were recruited. The diagnosis was discussed with the patients and their families, and the drug, rivastigmine, was offered to all. Twenty two patients who decided to start treatment (treatment group) received rivastigmine 1.5 mg twice a day for 3 weeks, administered immediately after breakfast and dinner. This was followed by dose increments of 1.5 mg twice a day, at intervals of 3 weeks, up to a maximum of 6 mg twice a day. The dose was reduced to 3 mg twice a day (lowest dose allowed) based on clinical judgement to improve tolerability when necessary. Sixteen patients declined treatment because they could not afford the drug. These patients served as the control group. All patients underwent regular follow up and standard clinical assessment.
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Written informed consent was obtained to collect, analyse and publish findings of the study from patients, or if the patient was not capable of providing informed consent, from a member of his/her family.
Patients
Patients met standard diagnostic criteria for AD [2] . All had a Sinhala Mini Mental State Examination (S-MMSE) [7] score of 12 to 21 indicating mild to moderate disease. In addition to cognitive assessment with the S-MMSE and Cambridge Examination for Mental Disorders of the Elderly (CAMDEX) [8] , all patients underwent a standardised diagnostic protocol that included: 1. Caregiver interview using the ADL Index [9] to assess evidence for functional limitation. 2. Full physical and neurological examination. 3. Biochemical analysis of blood and axial CT scans of the brain to exclude other causes of dementia. All patients were living at home with at least one member of the family, most often the spouse. Patients with severe dementia, confined to a wheelchair, requiring 24-hour skilled nursing care, with severe physical disability, with any contraindication to the drug were excluded. Most concomitant medications were allowed except those with notable cholinomimetic or anticholinergic effects, neuroleptics, and antidepressants. Any patient who showed evidence of deterioration, especially behaviour disturbances, during the study was offered appropriate treatment.
Caregivers
Each patient was required to have a committed caregiver who accompanied the patient to each clinic visit. The caregiver maintained contact with the patient for a minimum of 6 hours a day and five times a week. All caregivers except one were family members (usually a spouse or child).
Outcome measures
All caregivers were interviewed and administered the ADL Index and the Caregiver Stress Scale (CSS) at the start of treatment (week 0) and at the end of 20 weeks of treatment.
The 17-item ADL Index [9] was used to assess the regular activities and functions expected of our elderly population, and to determine the presence of functional deterioration, and each item is scored as follows: 1 = activity performed without any assistance; 2 = activity performed with some physical or verbal assistance; 3 = complete inability to perform activity even with assistance or refusal to perform activity. The minimum possible score of 17 indicates no apparent handicap, while the maximum possible score of 51 indicates total disability and total dependence on a caregiver. All patients recruited to this study had an ADL Index score < 34 indicating the presence of some measurable functional autonomy at baseline.
The CSS assesses caregiver hardships, stress and the level of fatigue [5, 10] . This scale assesses a wide range of stresses directly attributable to caregiving in AD including relational and social deprivation (personal development), physical and emotional health, and jobcaregiving conflict. Each item assessing various aspects of caregiver stress has five possible responses ranging from zero (no stress) to four (constant stress).
Results
There were no significant differences between the two patient groups with regard to demographic characteristics. Mean age of the patients in this study was 71.2 and 69.4 in the treatment and control groups. There were no significant differences between the two groups with regard to disease severity and functional impairment. The baseline mean (± standard deviation) S-MMSE scores were 17.2 (SD ± 0.4) for the treatment group and 19.3 (SD ± 0.8) for the control group, and the baseline ADL Index scores were 27.3 (SD ± 3.5) for the treatment group and 26 (SD ± 3.8) for the control group. Caregiver demographics, including age, sex, and relationship to patient were similar in the two groups (Table 1 ). All patients completed the study, and two patients in the control group required rescue medication with risperidone 1 mg twice a day during the study period. Eleven patients in the treatment group were given the maximum dose of rivastigmine (6 mg twice a day). Due to significant gastrointestinal adverse effects, eight patients in the treatment group required dose reduction to 4.5 mg twice a day, and three patients to 3 mg twice a day.
Patients in the control group showed a significant decline in the ADL Index score at 20 weeks compared to rivastigmine-treated patients (difference in mean ADL Index score = 8.5; p < 0.001). In the treatment group, nine patients showed an improvement, 12 remained at baseline, and one showed deterioration in the ADL Index scores at 20 weeks compared to baseline score. In the control group none showed an improvement and only two remained at baseline, while 12 patients showed deterioration in the ADL Index scores. Caregiver stress levels were similar in the two groups at baseline ( Table 2 ). The mean change from baseline for individual items as well as total CSS scores improved or remained close to baseline at 20 weeks for the rivastigminetreated group, whereas they declined in the control group (Table 3 ). All individual items and the total stress score demonstrated significant benefits for caregivers of the rivastigmine group over those of the control group (Table 3) . 
Discussion
Although the effect of AChE inhibitors on functional ability in patients with AD has been reported previously from other countries [5, [11] [12] [13] , the present study is the first to demonstrate the efficacy of rivastigmine in improving functional ability in patients with mild to moderate AD in Sri Lanka. Our study data shows that in Sri Lankan patients with mild to moderate AD, rivastigmine preserves functional ability and slows the rate of decline for at least 20 weeks. There is evidence of this effect from the functional assessment measure used in this study, the ADL Index, which demonstrated an overall improvement on components required for the completion of each ADL, including initiation, planning, organisation, and effective performance in the treatment group.
Caring for patients with dementia is associated with substantial psychological strain, and progressive functional disability in these patients drives caregiver stress [4, 14, 15] . Most caregivers in developing countries are older women caring for their husbands or younger women caring for a parent or grandparent [14] . Treatment of AD patients with rivastigmine reduces the burden and stress levels in caregivers. Caregivers of rivastigmine-treated patients reported significantly lower levels of overload, role captivity, job-caregiving conflict, social relationship deprivation, physical and emotional strain, and loss of self, than those of the control group. It is noteworthy that the smallest reduction in caregiver stress between the two groups was in the domain of social relationship deprivation, probably due to the cultural background of caregivers in our country who accept the role of caring for family elders as a social duty.
There are some limitations of the present study. Firstly, this was an open-label study where patients were not randomised to the two groups. This is because rivastigmine, the only specific treatment available for AD in Sri Lanka, is expensive and currently not available from the national health service. Therefore, although all patients recruited to the study were recommended treatment with rivastigmine, only those who could afford the cost of the drug were able to take it. Secondly, all key measures of ADL functioning used in the study were based on caregiver ratings and observations, and the validity of these subjective ratings and their concordance with actual observations of functional abilities has not been established. However, all patients recruited, completed the study, and the final caregiver interviews and ratings at 20 weeks were done by the principal investigator (HAdeS) in an out-patient setting by appointment, thus reducing opportunities for carers and patients of the two groups to meet each other.
Improving patient ADL functioning is one of the most important aspects of dementia treatment. Due to progressive loss of ADL in AD, improvement, maintenance, or even slowed decline of functional abilities should be considered a positive treatment outcome. Our results show that treatment of AD patients with rivastigmine for 20 weeks produces a significant improvement in ADL functioning and reduced caregiver burden. Randomised, controlled trials with AChE inhibitors in other parts of the world have shown similar results, and such trials of long term treatment, investigating all aspects of dementia care, are needed from Sri Lanka. For the present, we conclude that with rivastigmine therapy, clinicians can offer both AD patients and their caregivers in Sri Lanka an enhanced quality of life.
